Fish have proven to be model organisms for the study of animal personalities, and a rich literature documents consistent interindividual behavioral differences in a variety of species. However, relatively few studies have examined the ecological consequences of such consistent interindividual differences in behaviors in fish or other organisms, especially under field conditions. In this review and perspective, we discuss the factors that may lead to the formation and maintenance of behavioral types in fish populations. We then examine what is known about the effects of personality variation on individual growth and survival, breeding behaviors and reproductive success, habitat use, diet, and ontogenetic niche shifts, migration and dispersal, as well as potential consequences for species interactions and ecosystem functioning. We focus as much as possible on studies conducted under natural or seminatural conditions, as such field studies are most relevant to elucidating the ecological consequences of behavioral variation. Finally, we discuss the potential importance of consistent individual differences in behaviors to fisheries management and conservation, specifically examining consequences for recreational and commercial fishing, hatchery rearing, and stock enhancement.
Introduction
Fish, like many other vertebrates, show consistent individual differences in behavior despite maintaining a high degree of behavioral plasticity. These consistent interindividual differences in behavior have been variously termed animal personalities (Dall et al. 2004) , behavioral profiles (Groothuis and Trillmich 2011) , temperaments (Réale et al. 2007 ), coping styles (Koolhaas et al. 1999) , or behavioral syndromes (Sih et al. 2004a (Sih et al. , 2004b . Much of the large and rapidly expanding literature on animal personalities involves studies with fish (Stamps 2007) , and it was early work by Huntingford (1976 Huntingford ( , 1982 with sticklebacks, and Ehlinger and Wilson (1988) and Wilson et al. (1993 Wilson et al. ( , 1994 with sunfish, that provided some of the first evidence that individuals may exhibit consistent differences in behavioral traits within a population (e.g., individuals may be relatively shy or bold, aggressive or timid). Wilson et al. (1993) suggested that such consistent behavioral differences between individuals represented more than random variation around an adaptive mean. Rather, "individual differences are interpreted not as the raw material on which natural selection acts but as the end product of natural selection" (Wilson et al. 1993: page 255) . That is, variation in behavioral traits may be maintained within a population because such variation represents different adaptive solutions to a complex environment (e.g., Wolf and McNamara 2012) .
Although studies of animal personalities initially struggled to gain traction against the idea that variation in phenotype is expected within a population and therefore does not require a special explanation (Wilson 1998) , subsequent years have validated the early insights of Huntingford, Wilson, and their colleagues. Today the study of consistent individual differences in behavior enjoys a vigorous growth, as evidenced by the publication of a number of recent reviews (e.g., Sih et al. 2004a Sih et al. , 2004b Réale et al. 2007; Sih and Bell 2008; Stamps and Groothuis 2010; Wolf and Weissing 2012) , including three reviews devoted specifically to fish (Toms et al. 2010; Budaev and Brown 2011; Conrad et al. 2011) . As Wolf and McNamara (2012) note, three key features associated with personalities have been observed in a variety of species: (i) variation, individuals differ in their behaviors; (ii) consistency, individual differences in behaviors are stable over time; and (iii) correlations, certain behavioral traits (e.g., boldness, aggression, and exploration) tend to be correlated among individuals.
Although consistent individual differences in behavior are now well documented in fish and other organisms, for the most part these studies have been conducted in the laboratory under simplified and highly controlled conditions. Studies of behavioral trait variation under natural or seminatural conditions are still quite rare (e.g., Fraser et al. 2001; Biro et al. 2007; Adriaenssens and Johnsson 2011a) . While laboratory studies have opened the door to the rich array of behavioral diversity found in nature, a key question before us is what are the ecological consequences of consistent individual differences in behavior to organisms in the wild (Dingemanse and Réale 2005; Archard and Braithwaite 2010; Bolnick et al. 2011; Adriaenssens and Johnsson 2011a; Sih et al. 2012; Wolf and Weissing 2012) . These ecological consequences include potential effects on an individual's survival and reproductive success, population dynamics (through influences on species' vital rates, e.g., growth, fecundity, and survival), community structure and species diversity (through influences on species interactions), and on the conservation and management of natural resources (Fig. 1) . To understand these consequences of animal personalities, we need to study organisms in the complex environments found in nature (Stamps and Groothuis 2010) .
Our goal in this paper is to review what is known about the ecological consequences of behavioral trait variation in fishes at the individual, population, and community levels, including the consequences of personality for the conservation and management of fishes. More than 20 years ago, Wilson et al. (1993) noted that the ecological consequences of such consistent individual differences had not been studied in a natural population of any species. Despite the explosion of research into animal personalities since the paper of Wilson et al, the ecological and evolutionary consequences of consistent interindividual differences in behavioral traits in natural populations are only now coming into focus Dall et al. 2012; Sih et al. 2012; Wolf and Weissing 2012) . We begin our review with a short description of terminology and measurement issues in the study of animal personalities, followed by a discussion of the proximate and ultimate factors that may lead to consistent interindividual differences in behavior. We then examine what is known about the ecological consequences of behavioral types in fishes, including effects at the individual, population, and community levels. We focus as much as possible on studies conducted under natural or seminatural conditions, as such field studies are most relevant to elucidating the ecological consequences of behavioral variation. Finally, we discuss the potential importance of consistent individual differences in behavior to fisheries management and conservation, specifically examining consequences for recreational and commercial fishing, hatchery rearing, and stock enhancement.
Terminology and measurement
Multiple terms surround the discussion of animal personalities, which has led to considerable debate in the literature. Table 1 lists many of the terms used in the study of animal personalities and defines how we use these terms in the current paper. The terms animal personality, temperament, and coping style have been used more or less synonymously (Réale et al. 2007 ). These terms describe consistent differences between individuals in behaviors across contexts over some period of time and are most often used to refer to general behavioral patterns (e.g., individual differences in boldness, activity, and aggressiveness and the relationships between them). We use the term behavioral type to describe an individual's phenotype (e.g., bold versus shy; aggressive versus timid) relative to other individuals in the population.
One of the challenges in assessing personality traits in fish and other species is the fact that behavior can be extremely plastic; individuals often respond to changes in their environment by adjusting their behaviors to meet current conditions. Further, individuals may differ in their degree of behavioral plasticity, which at the individual level could affect the measurement of personality traits (Nussey et al. 2007; and at the population level could affect stability and population persistence in response to environmental change (Dingemanse and Wolf 2013) . A useful framework for examining personality traits in light of behavioral plasticity is the concept of behavioral reaction norms (Fig. 2) . The reaction norm framework illustrates how individual differences in personality traits can be assessed across multiple contexts to examine consistency of behavioral types and the extent of behavioral plasticity within and between individuals (Réale et al. 2007; . For example, Budaev and Brown (2011) provide a table of over a dozen measures that have been used to assess boldness in fish (e.g., predator inspection, foraging under predation risk, latency to emerge from cover, behavior in an open field, etc.). Measuring individuals in a number of these contexts would allow for the development of reaction norms that would more accurately characterize an individual's personality type.
The behavioral reaction norm approach also provides an opportunity to identify which measures actually quantify the same personality trait. The few studies that have investigated correlations among different personality measures that were thought to quantify the same trait have found some surprising results (Carter et al. 2013; Garamszegi et al. 2013) . For example, two measures that are often assumed to quantify aggression were investigated in yellowbellied marmots (Marmota flaviventris). While both measures were repeatable over time, they were independent from each other (Blumstein et al. 2012) . A similar result was found when investigating two measures that are often assumed to quantify boldness (i.e., response to a novel object and response to a predator; Carter et al. 2012 ). These results show how different ways of measuring a personality trait may not be interchangeable, providing additional justification for taking a reaction norm approach.
The application of behavioral reaction norms is still relatively new and not yet widely applied. Nevertheless, numerous studies of behavioral types in fish and other organisms provide results that allow us to explore the ecological consequences of personality variation, as long as we are careful in our interpretation and recognize that different ways of measuring a personality trait like "boldness" may in fact measure different things (Réale et al. 2007 ). Finally, while this review and prospectus focuses on personality variation in fish and its ecological consequences, we want to emphasize the wealth of studies that exist for other taxa. These studies provide a broader context in which to view the results from fishes, and we refer readers to publications by Réale et al. (2000) , Dall et al. (2004) , and Dingemanse and Réale (2005) , as well as the review papers cited in the Introduction, as an entry point to the literature on animal personalities in birds, mammals, and other groups.
The evolution and maintenance of variation in behavioral traits

Fitness tradeoffs
The fitness consequences of behavioral traits are often contextdependent. For example, bold behavioral types may be less fit than shy behavioral types in an environment with high levels of predation, while the opposite may be true in an environment without predators. Behavioral ecologists have focused on fitness tradeoffs as an important mechanism to explain the generation and maintenance of variation in behavioral traits within a population, both on ecological and evolutionary time scales. For example, consider the situation where individuals that are bolder are more likely to encounter predators, resulting in higher mortality rates. Now imagine that these bolder individuals are also more likely to encounter more prey per unit foraging time and therefore experience higher feeding rates, resulting in higher energy gains and growth (Stamps 2007) . As a result, under this hypothetical scenario, a potential tradeoff between energy gain and survival would exist that could maintain variation in boldness. Mangel and Stamps (2001) developed a simple model to show how tradeoffs between growth and survival can result in a range of individual growth rates that all yield equivalent fitness (as measured by r in the Euler-Lotka equation), thus favoring the maintenance of multiple behavioral types within a population. Similarly, models for the evolution of interindividual differences in dispersal rates have been developed under the premise that the Animal personality A behavioral pattern that can describe multiple behavioral traits and the relationship between those traits across time (Réale et al. 2007; Stamps and Groothuis 2010) .
Differential consistency
Consistency between individuals in a particular behavior (or behavioral trait) across time (Stamps and Groothuis 2010) .
Contextual generality Consistency between individuals in behaviors measured in different contexts (e.g., activity in a safe, familiar environment and activity in an unfamiliar environment).
Structural consistency Consistency across time in the correlation between two behaviors in a group (Stamps and Groothuis 2010) .
Behavioral syndrome Correlated suites of behaviors. Such correlations may occur within an individual (i.e., an individual's tendency to behave in a certain way may be correlated across contexts or over time). In this sense, behavioral syndromes and animal personalities describe similar phenomena. A behavioral syndrome also may describe a correlation between two or more behavioral traits between individuals in a population (e.g., boldness and aggression are commonly correlated when examined in a group of individuals; Sih and Bell 2008) .
Pace-of-life syndrome A suite of covarying behavioral, physiological, and life-history phenotypic traits arrayed on a continuum from "slow" to "fast" lifestyles.
expected fitness of "dispersers" equals the expected fitness of "stayers", due to a growth-mortality tradeoff (Hamilton and May 1977; Frank 1986; Johst and Brandl 1999; Ronce et al. 2000) . Fish often face situations in nature where there is a potential tradeoff between increased feeding rate and reduced survival (Lima 1998; Mangel and Stamps 2001) . For example, (i) open-water (pelagic habitats) may contain richer food resources but pose higher predation risk (e.g., Werner and Hall 1988; Gliwicz et al. 2006) , (ii) daytime foraging may yield a higher feeding rate but greater risk of predation than nocturnal foraging (e.g., Fraser and Metcalfe 1997; Metcalfe et al. 1999; Ryer and Hurst 2008) , and (iii) more active foragers may encounter more prey (or richer habitats) and grow faster but suffer higher mortality rates (e.g., Werner and Anholt 1993; Fraser et al. 2001; Biro et al. 2004 Biro et al. , 2006 Sundström et al. 2004) . Fitness tradeoffs can also occur spatially (e.g., one area of a habitat favors one behavioral type, while another area favors a different one), temporally within generations (e.g., across development or across genetically linked behavioral traits), and temporally between generations (e.g., frequency-dependent selection).
Interindividual differences in metabolism and state
While fitness tradeoffs provide a powerful mechanism that may select for a variety of (equal fitness) behavioral types within a population, the maintenance of consistent behavioral types or personalities over time requires more than just a fitness tradeoff. To see this, consider the following question: what prevents individuals from continually shifting back and forth between different behavioral types that have equivalent fitness? Or, stated in another way -why do we find differential consistency (as defined in Table 1 ) in behavioral types within a population (e.g., individuals that are consistently bolder than others over time)? One possibility is that individuals differ in their relatively unchanging physiological traits (e.g., resting metabolic rate or the size of metabolically costly organs); therefore, the behavioral type that results in the optimal value of the growth-mortality tradeoff differs depending on physiological state. A number of authors (Stamps 2007; Biro and Stamps 2010; Houston 2010) have suggested that consistent individual differences in physiological state could be an important factor promoting the formation of individual differences in personality. The first step in examining this hypothesis is to determine whether individuals differ consistently in their physiological traits (e.g., resting metabolic rates or potential growth rate); the second step is to determine whether any such differences in physiological measures are correlated with behavioral traits (see Biro and Stamps (2010) for a review of the literature on resting metabolic rate and their relationship to behavioral traits).
Recently, it has been suggested that behavioral traits may covary with a whole suite of physiological and life-history traits, such that these covarying phenotypic traits can be effectively grouped under the umbrella of a "pace-of-life syndrome" . Figure 3 illustrates the potential integration of lifehistory, behavioral, and physiological traits along a pace-of-life continuum from "slow" to "fast". Evidence for a pace-of-life syndrome in fish or other organisms is still tentative (Adriaenssens and Johnsson 2009 ). However, Biro and Stamps (2008) show that behavioral traits are linked to life-history variation in a variety of organisms, including fish. For example, activity rates and boldness are positively related to growth rates in rainbow trout (Oncorhynchus mykiss; Biro et al. 2004 Biro et al. , 2005 Biro et al. , 2007 , and boldness is positively related to growth, fecundity, and size at maturity in Atlantic silverside (Menidia menidia; Walsh et al. 2006) . The paceof-life syndrome provides a useful heuristic framework in which animal personality studies can be integrated to address how behavioral traits are maintained within populations, and how they may have ecological consequences affecting individual growth, survival, and reproductive success, as well as population dynamics and successful resource management. Moreover, viewing behavioral variation in the light of life-history traits and the paceof-life syndrome allows us to consider the impacts of behavioral trait variation at different life stages and to better understand when and why personality types may be maintained over ontogeny (e.g., Schürch and Heg 2010; Chervet et al. 2011) , even potentially across metamorphosis (e.g., Wilson and Krause 2012a, 2012b) .
There are additional ways in which the "state" of an individual can affect the relative costs and benefits of different behavioral actions, leading to the generation and maintenance of adaptive behavioral trait variation within a population (Houston and McNamara 1999; Dingemanse and Wolf 2010; Luttbeg and Sih 2010; Weissing 2010, Wolf and McNamara 2012) . In the case of foraging boldness (where taking greater risk yields higher rewards), Luttbeg and Sih (2010) show how positive-feedback mechanisms can maintain differential consistency in behavioral traits. For example, if individuals having higher state (e.g., better condition, larger size, and more energy reserves) are better at defending themselves or fleeing from predators, then animals with higher state will have lower predation risk while being bold and should be bolder than low state individuals (Luttbeg and Sih   Fig. 2 . Five scenarios (a-e), each depicting the behavior of four individuals (solid horizontal lines) in two different situations (S1 and S2). In scenario a, all individuals display the same phenotypes in both S1 and S2 and there is plasticity between situations. In scenario b, there is phenotypic variability in situations S1 and S2 (equal between situations), no plasticity between situations, and consistent interindividual differences in phenotype between situations. In scenario c, there is phenotypic variability in situations S1 and S2 (equal between situations), plasticity between situations, and consistent interindividual differences in behavior. In scenario d, there is unequal phenotypic variation between situations S1 and S2 (S2 has much more), interindividual differences in plasticity between situations (the individual with the smallest phenotype has high individual plasticity, while the individual with the second smallest phenotype demonstrates a lower level of plasticity), and consistent interindividual differences in behavior (perfect consistency in rank order but less in the raw values). In scenario e, there is phenotypic variability in situations S1 and S2, plasticity between situations, but individuals do not show consistent differences in behavior across situations because of differential directionality in responses. Modified from . 2010). Thus, small differences in initial state between individuals (e.g., due to parental provisioning and carryover from larval to adult stages) can lead to a positive-feedback loop between assets and behaviors, such that "….individuals that already have high state (assets) would be bold, and thus gain more resources that maintain their high state" (Luttbeg and Sih 2010: page 2979) . In addition, positive feedbacks based on experience or learning can lead to differences in foraging efficiency in a habitat or on a particular prey type that can act to reinforce and maintain behavioral differences between individuals (Werner et al. 1981; Dingemanse and Wolf 2010) .
Ecological consequences of behavioral types
"Surprisingly little attention has been paid to the ecological and evolutionary consequences of personality differences" (Wolf and Weissing 2012: page 452) .
In the sections above, we examined the factors thought to drive the evolution and maintenance of animal personalities in fish and other organisms. These mostly theoretical studies seek to provide "ultimate" evolutionary explanations for the existence of consistent differences in behaviors between individuals. In the following sections, we focus on the ecological consequences of these behavioral differences. That is, given the presence of varying behavioral types within a population, how might this behavioral variation affect the ecology, management, and conservation of fishes. These ecological consequences may include effects on an individual's survival and reproductive success, the dynamics of populations (through influences on species' vital rates, e.g., growth, fecundity, and survival), effects on community structure and species diversity (through influences on species interactions), and impacts on the management and conservation of species and fish stocks (e.g., through hatchery rearing and supplemental stocking). We recognize that separating the factors thought to ultimately drive the evolution of behavioral types in fishes from the more proximate consequences of such behavioral types to the ecology of individuals and populations is a somewhat false dichotomy. Ecology and evolution go hand in hand. Still, this distinction is useful for highlighting how the existence of behavioral types within a population may impact various aspects of an individual's ecology (e.g., growth, survival, diet, and habitat use), as well as population dynamics and species interactions.
Ecological consequences at the individual level
Growth and survival
Personality traits have the potential to affect an individual at nearly every stage of development, from a juvenile's chances of surviving to adulthood to an adult's reproductive success. We summarize what is known about the ecological consequences of behavioral trait variation in fish at the individual level in Table 2 . Table 2 includes both laboratory and field studies. However, in the discussion below we focus on the results from natural and seminatural environments, as field studies provide the most direct tests of the ecological consequences of behavioral trait variation. Looking first at the impact of boldness, aggressiveness, and exploration on individual growth, dispersal, and survival, we find support for a hypothesized growth-mortality tradeoff, although the evidence from field studies is surprisingly limited. Fraser et al. (2001) found that bolder individuals of the Trinidad killifish (Rivulus hartti) moved greater distances in the field. Moreover, movement distance was positively correlated with individual growth over a 19 month mark-recapture study in a section of river containing Rivulus predators. However, in a predator-absent zone, there was no correlation between movement and growth (Fraser et al. 2001) . Our own studies with juvenile bluegill (Lepomis macrochirus) in ponds have shown a positive correlation between boldness measured in the laboratory and individual growth rates observed in the field over periods of 2-6 months (M. Kjelvik and G. Mittelbach, unpublished data) . In studies comparing domestic and wild strains of salmon and trout, Sundström et al. (2004) and Biro et al. (2003a Biro et al. ( , 2003b Biro et al. ( , 2004 examined the growth, survival, and habitat use of fish in the presence and absence of predators. Sundström et al. (2004) found a tradeoff between growth and survival for strains of coho salmon (Oncorhynchus kisutch) transgenic for growth hormone (GH) relative to wild salmon. In seminatural stream channels, GH-transgenic coho fry grew faster than wild coho fry but suffered higher mortality from predators (nontransgenic coho juveniles) (Sundström et al. 2004 ). Higher mortality on GH-transgenic fry was most pronounced under low-food conditions. Other studies have documented increased risk-taking behavior in GH-transgenic salmon in the laboratory (Abrahams and Sutterlin 1999; Sundström et al. 2003) , as well as increased movement by GH-enhanced trout in the wild (Sundt-Hansen et al. 2009 ). Thus, there appears to be an interaction between behavior, growth, and mortality when comparing salmon and trout strains modified with GH relative to wild populations (but see Johnsson and Björnsson 2001) .
In a series of whole-lake experiments, Biro et al. (2003a Biro et al. ( , 2003b Biro et al. ( , 2004 Biro et al. ( , 2006 compared the growth, survival, and habitat use of domestic (hatchery stock) and wild strains of rainbow trout (Oncorhynchus mykiss). In the presence of avian predators (loons, Gavia immer), age 1 domestic trout grained 20% more mass than wild trout (Biro et al. 2004) , and age 0 domestic trout gained 100% more mass than wild trout (Biro et al. 2006 ). However, domestic trout (age 0 and age 1) suffered 50%-60% greater mortality than wild trout when predators were present (Biro et al. 2004 (Biro et al. , 2006 . Behavioral differences between domestic and wild strains in the field Fig. 3 . A representation of different phenotypic traits along the pace-of-life continuum. Double arrows illustrate presumed continuous variation in a trait, with traits grouped under life-history strategies, behavior, and physiology, and distributed along a pace-oflife continuum from "slow" to "fast". Modified from Réale et al. (2010 were not specifically quantified in these experiments. However, in a subsequent field experiment (Biro et al. 2007 ), the authors examined more directly the behaviors of domestic and wild rainbow trout strains released into lakes that differed in predation pressure from loons. They found that fish from the domestic strain responded less to the presence of predators, used riskier habitats, and had higher catch rates during the day than did fish from the wild strain. Thus, Biro et al. (2007: page 894) conclude that "greater overall activity and greater daytime use of deep and pelagic habitats by the domestic genotype should lead to greater growth (given sufficient food) but higher predation mortality". These and other studies comparing the behaviors, growth, and survival of domestic versus wild stocks of salmonid fishes provide some of the clearest evidence for the ecological consequences of behavioral trait variation under a growth-mortality tradeoff.
Other studies in natural or seminatural environments provide no support for the expected link between behavioral traits and a growth-mortality tradeoff. Adriaenssens and Johnsson (2011a) found that shy trout (individuals with low exploration tendency in the laboratory) actually grew faster than bold trout when released into a natural stream. In a subsequent study, they found no significant effects of activity or exploration measured in the laboratory on growth in the field, and if we can assume that recovery following release into the wild is an indication of survival, they found that more active individuals had higher survival (Adriaenssens and Johnsson 2011a) . In both of the above studies, fish were collected from the wild, assayed for behavioral traits in the laboratory, and then released back into the wild at a site near where they were collected. Höjesjö et al. (2011) also found no association between boldness measured on juvenile brown trout (Salmo trutta) reared in the laboratory and their growth and survival when released into the river that was the source of the parental stock. However, only about 4% of the released fish were recovered, which raises the question of whether the missing fish died or simply moved away. The inability to distinguish mortality from disappearance in release-recovery experiments into the wild (especially when recovery rates are low) greatly hinders the ability to assess the impact of behavioral traits on fish survival (and growth). In Höjesjö et al. (2011) , the authors note that juvenile brown trout in their study population are very stationary (seldom moving further than 200 m). Thus, recapture should provide a good estimate of survival in the wild.
Following the pace-of-life syndrome (Fig. 3) , we might expect individuals with bold, active, and asocial behavioral types to have a higher propensity to explore their environment and disperse greater distances, which could give them an advantage in terms of finding richer habitats. As stated earlier, Fraser et al. (2001) found that individual killifish that were bolder in the laboratory dispersed greater distances when released into the field, and that individuals that moved greater distances in the field had higher growth rates (in stream sections with predatory fish). Bolder individuals of European roach (Rutilus rutilus) also showed a greater propensity to migrate (lake to stream) than shy individuals (Chapman et al. 2011 ), more asocial mosquitofish (Gambusia affinis) moved further from their social conspecifics when simultaneously introduced to experimental streams (Cote et al. 2010) , and dominant brown trout moved longer distances and had larger home ranges in a radio telemetry study (Höjesjö et al. 2007 ). An individual's dispersal tendency is likely related to the strength of its social network (the number of social interactions an individual has and the strength of those interactions), which itself has been shown to be affected by an individual's behavioral type. A study with guppies investigating the relationship between boldness and social networks found a correlation between an individual's boldness (measured by predator inspection and shoaling tendency in the laboratory) and aspects of its social network in natural shoals in the field. Bolder individuals were found to have fewer total social connections and the average strength of the connections they had were weaker than those of shyer individuals ). Again, following predictions of the pace-of-life syndrome, we might expect such traits of increased activity and dispersal to carry with them higher mortality costs, if migrating or dispersing greater distances increases exposure to predators. However, no studies that we are aware of have assessed these mortality costs in the field.
Reproductive success
Behavioral traits have the potential to affect the reproductive success of adults, with both intra-and intersexual selection likely to be influenced by interindividual variation in behavioral traits (Schuett et al. 2010) . Numerous laboratory studies with a variety of fish species document positive relationships between boldness, dominance, and reproductive success. For example, in zebrafish (Danio rerio) the boldest and most aggressive males fertilized more of a female's eggs than the shyer and less aggressive males (Ariyomo and Watt 2012) , and in guppies (Poecilia reticulata) the females have been shown to prefer to mate with bolder males (boldness measured by predator-inspection behavior; Godin and Dugatkin 1996) . However, field studies examining the relationship between behavioral traits and reproductive success are still quite rare. Our own studies with largemouth bass (Micropterus salmoides) demonstrate that boldness measured in the laboratory is positively correlated with nesting success in the field (i.e., bolder males were more successful at building nests and receiving eggs when stocked into ponds with females than less-bold males; N. Ballew and G. Mittelbach, unpublished data). These apparent fitness benefits of being bolder and more aggressive may be offset in other situations (see Discussion).
Behavioral traits also have the potential to affect offspring survival during periods of parental care. For example, in fish species that build and guard redds or nests (e.g., Salmonidae and Centrarchidae), bolder, more aggressive individuals are likely to outcompete conspecifics to secure better nesting sites, and bolder, more aggressive individuals may be better at guarding their nests from potential predators (McPhee and Quinn 1998) . A series of studies by D.P. Philipp and colleagues, using largemouth bass lines that originated from a single wild population and were selected over multiple generations for increased or decreased vulnerability to recreational angling during the non-nesting season, show that the high angling vulnerability line and low angling vulnerability line differ in parental care behavior and reproductive success (Philipp et al. 2009 ). Male bass from the high vulnerability to angling line displayed increased parental care activity and higher reproductive success in ponds with nest predators (juvenile bluegill) compared to males from the low vulnerability line Sutter et al. 2012 ). It is difficult to say how the trait of angling vulnerability relates to more commonly studied behavioral traits such as boldness and aggression. However, our own studies with largemouth bass show that male bass assayed as more aggressive towards conspecifics in the laboratory are more diligent at defending their nests from potential brood predators (bluegill) in the field and have higher reproductive success (N. Ballew and G. Mittelbach, unpublished data).
Habitat use and foraging specialization
Behavioral traits related to boldness or aggression, foraging styles, or predator avoidance have the potential to affect habitat use and resource consumption. For example, a study with bullheads (Cottus perifretum) found that less aggressive individuals (as assayed in the laboratory) showed a greater propensity to use complex habitats (i.e., branch jams) in the field (Kobler et al. 2011 ). In the same study, there was no correlation between habitat use in the field and individual differences in activity level measured in the laboratory. Functional linkages may also exist between behavioral traits that confer greater feeding efficiency in particular habitats and morphological traits, leading to complex polymorphisms (Wolf and Weissing 2012) . In one of the first studies to look for an association between morphological and behavioral traits, Ehlinger and Wilson (1988) examined a foraging polymorphism in populations of bluegill sunfish. They found that bluegill collected from a small, Michigan lake clustered into two behavioral (foraging mode) types when allowed to feed on open-water prey (zooplankton) and benthic prey (damselfly nymphs) in the laboratory (Fig. 4) . These behavioral differences between individuals were stable across a 20 week testing period.
Differences in foraging behaviors (hover duration) between bluegill individuals corresponded to differences in feeding rate; fish exhibiting relatively short hover durations were more successful at capturing zooplankton, whereas fish displaying longer hover durations where more successful at capturing damselfly nymphs. When Ehlinger and Wilson (1988) compared the morphologies of these two behavioral types, they found that morphology and behavior were tightly correlated. Fish classified as "vegetation" (benthic) morphological types exhibited long hover durations, whereas fish classified as "open-water" morphological types exhibited short hover durations. Subsequent morphological analyses of sunfish (bluegill and pumpkinseed, Lepomis gibbosus) collected from open-water and littoral habitats in lakes confirmed the subtle but repeatable morphological distinctions between phenotypes associated with pelagic and littoral habitats (Robinson et al. 1993 .
Selection on morphological and behavioral traits that increase feeding efficiency on certain prey types or within certain habitats is likely to go hand-in-hand. Therefore, an important question is how much does habitat or foraging specialization lead to the development of animal personalities and the generation of behavioral trait variation within a population? Further, might there be subtle differences in functional morphology between behavioral types within populations that have generally gone undetected? The morphological differences between bluegill behavioral types in the study of Ehlinger and Wilson (1988) were not visible to the naked eye, but they were detectable with morphometic analyses (e.g., Ehlinger and Wilson 1988; Robinson et al. 1993; Robinson and Wilson 1996) . Other fish species (e.g., threespine stickleback) show distinct resource polymorphisms in morphology, behavior, and resource use in some populations (McPhail 1993) but continuous variation in others (Robinson 2000) . Thus, how much subtle variation in morphology and physiology is associated with interindividual behavioral variation in populations is unknown. When viewed in the holistic framework of individual specialization , it is clear that interindividual differences in behavioral types and personalities may be an expected outcome of natural selection acting on populations in a complex environment.
Conclusions
At the individual level, variation in boldness, activity, and dispersal is often hypothesized to result from a tradeoff between growth and mortality (i.e., bolder fish are more active and grow faster but suffer higher mortality). Despite wide-spread acceptance of a growth-mortality tradeoff as a likely driver of behavioral variation in fish (Stamps 2007) , to date there is little empirical evidence from field studies and the results are mixed ( Table 2) . Studies of other taxa (mammals, birds) also provide only mixed support for the hypothesis that bolder (more exploratory) individuals take more risks to gain food but may suffer higher mortality as a result (e.g., Réale and Festa- Graphed are the foraging behaviors (hover duration when searching) used by individual bluegill when searching for damselfly nymphs in the vegetation and when searching for zooplankton (Daphnia) in the open-water habitat of aquaria. Each point represents the mean hover time (±1 SE) of six feeding trials for a given fish in each habitat. The diagonal line represents equal hover duration in each habitat. Taken from Ehlinger and Wilson (1988) . ences in boldness or aggression in fish comes from studies of wild versus domesticated strains of trout and salmon (e.g., Biro et al. 2003a Biro et al. , 2003b Biro et al. , 2004 Sundström et al. 2004) .
Boldness and dominance appear to be positively associated with increased mating success in the laboratory and in the field, and individuals more vulnerable to angling exhibit more persistent nest guarding behavior and greater reproductive success in pond studies with largemouth bass. Boldness and aggression during reproductive events are likely to have negative consequences for adult energetics, survival and future reproductive success, and there are many examples of the high cost of parental care in fishes (e.g., Dufresne et al. 1990; Gillooly and Baylis 1999; Steinhart et al. 2005) . To date, however, no field studies have examined the full set of correlations between boldness and aggression during the breeding season, offspring survival, and adult current and future reproductive success. In the Discussion section, we consider how the costs and benefits of various behavioral traits may differ at the adult and juvenile life stages. Such life-history asynchrony in the impact of behavioral traits may provide an additional mechanism for the maintenance of variation in behavioral traits within a population.
Field studies also suggest that habitat heterogeneity and habitat-specific foraging success may maintain phenotypic polymorphisms in fish populations that include both behavioral and morphological traits. For example, in sunfish and sticklebacks, behaviors associated with increased foraging success in limnetic versus benthic habitats are also associated with variation in morphological traits (fin placement, body shape), resulting in complex polyphenisms (e.g., Ehlinger and Wilson 1988; Robinson and Wilson 1996; Robinson 2000; Weese et al. 2012) . Thus, there are many opportunities in nature for consistent individual differences in behavior to arise when individuals can exploit different habitats and resources. Ecologists, behaviorists, and evolutionary biologists have joined together to highlight the importance of studying how environmental heterogeneity and habitat selection may generate and maintain intraspecific variation in populations, including variation in behavioral traits (Adriaenssens and Johnsson 2011a; Araújo et al. 2011; Bolnick et al. 2011; Dall et al. 2012; Sih et al. 2012; Wolf and Weissing 2012) .
Consequences at the population, community, and ecosystem level
Intraspecific variation in behavioral traits can have numerous effects at the population, community, and ecosystem levels. Recent reviews have highlighted the potential for behavioral traits to affect population dynamics, predator-prey interactions, species diversity, and ecosystem primary productivity (Sih et al. 2012; Wolf and Weissing 2012) . However, when compared to consequences at the individual level, far fewer theoretical expectations have been proposed for population-and community-level consequences of multiple behavioral types within traits. Similarly, few empirical studies have examined the population-and communitylevel consequences of behavioral trait variation, and (to our knowledge) no studies have been conducted in natural conditions. We summarize in Table 3 the limited number of laboratory and mesocosm studies on the topic, looking first at studies that have investigated ecological consequences of variation in behavioral traits at the population level, then moving to studies examining consequences to species interactions, and concluding with studies on consequences to ecosystem functioning.
Population-level consequences of behavioral trait variation have been investigated in terms of group performance and population dynamics. For example, shoal composition for boldness affects foraging success in guppies. Fish from mixed shoals were found to feed more than fish from all bold or all shy shoals, indicating that shoals containing a mixture of boldness behavioral types may outperform all bold and all shy shoals (Dyer et al. 2009 ). In a study with shoaling European perch, the frequency of different risk-taking behavioral types within the shoal was shown to affect overall shoal risk-taking behavior, and bold individuals had an especially large effect on shoal behavior (Magnhagen and Bunnefeld 2009) . A study with threespine sticklebacks investigated the effect of a population's composition of bold and shy individuals on population social structure. Individuals were assayed for boldness in the laboratory (measured as hesitancy to feed after being startled) and then artificial populations were formed based on the boldness scores. Populations were composed of either all shy individuals, all bold individuals, or a mix of bold and shy individuals. The all shy populations had stronger social structures (measured as the average number of interactions for all individuals in the population) than the all bold populations. Additionally, the all shy populations were more cliquish, meaning social subgroups appeared to form (Pike et al. 2008) . A field study with roach, while not directly investigating population-level consequences, found that bold roach had a higher propensity to migrate (lake to stream) than shy roach (Chapman et al. 2011) . Roach practice partial migration (only a fraction of the population migrates). Thus, it is easy to see how the frequency of bold behavioral types could impact the proportion of the population that migrates.
In terms of species interactions, the consequences of behavioral types to predator-prey interactions, interspecific competition, and invasive ability have been investigated in a single study for each type of interaction. In threespine stickleback, boldness was found to affect prey risk, with bolder sticklebacks feeding more heavily on chironomid larvae in laboratory trials (Ioannou et al. 2008 ). In a study that investigated interspecific competition be- (Webster et al. 2009 ). The only study to date on behavioral traits and invasiveness found no relationship between the level of boldness and invasiveness for four Gambusia species (Rehage and Sih 2004) . A key (but unanswered) question in the study of the populationlevel consequences of animal personalities is whether the amount of variance in behavioral traits within a population matters. That is, if populations share the same mean value for a given behavioral trait but possess different mixtures of behavioral types, is there an effect on population dynamics? If behavioral types are nonrandomly distributed in space, such that they select different foraging habitats (e.g., Wilson et al. 1993) , occupy different positions within a shoal (e.g., Ward et al. 2004 ), or preferentially associate with like behavioral types, then the mixture of behavioral types in a population will matter.
No studies to our knowledge have directly measured the effects of individual variation in behavioral traits on ecosystem functioning. However, a few studies suggest the possibility of such a relationship. An outdoor mesocosm study using guppies taken from natural streams that differ in predation pressure found that mesocosms containing guppies from the high predation environment contained fewer benthic invertebrates and more algae after a 28 day period than mesocosms with guppies from the low predation pressure environment (Bassar et al. 2012) . In total, 9 of 13 ecosystem variables measured by Bassar et al. showed significant river-of-origin effects. The authors attributed these differential effects on ecosystem functioning, in part, to differences in foraging behavior by guppies adapted to the different stream environments. However, Bassar et al. (2012) measured only one behavioral variable directly in their experiment (pecking at the substrate), and this behavior did not differ in fish from high predation and low predation sites. Thus, it is possible that other phenotypic differences between the populations caused the observed ecosystem effects. Harmon et al. (2009) and Des Roches et al. (2013) conducted similar types of mesocosm studies comparing the ecosystem effects of two threespine stickleback morphotypes (benthic and limnetic; McPhail 1993; Schluter 2000) and found significant effects of stickleback type on a variety of ecosystem functions. Again, behavioral variation was not specifically measured in these ecosystem studies, but previous work on stickleback morphotypes has shown pronounced differences in foraging behaviors between benthic and limnetic forms (e.g., Schluter 1993). Thus, while no studies that we are aware of definitively link variation in behavioral traits to effects on ecosystem functioning, the potential for such effects clearly exists and there is abundant opportunity for both theoretical and empirical studies that specifically examine the consequences of interindividual variation in behavioral types to communities and ecosystems.
Management implications of behavioral types
When considering the ecological consequences of behavioral trait variation at the individual and population level, it is important to remember that these consequences are dependent on environmental context. For example, bold behavioral types may be less fit than shy behavioral types in an environment with high levels of predation, while the opposite may be true in an environment without predators. Therefore, human impacts on the environment, such as recreational angling, commercial fishing, and hatchery-reared stocking programs, are likely to affect the ecological consequences of consistent interindividual behavioral variation. For example, bolder individuals may be more vulnerable to angling, which could decrease their fitness relative to more timid individuals and result in the population becoming less bold on average. In the same way, hatchery rearing programs may select for certain behavioral types or selectively alter the way behavioral traits develop with ontogeny, resulting in hatchery stocks that differ genetically from wild populations (Huntingford 2004; Fraser 2008 ). In addition, habitat modifications (e.g., adding structure to streams or lakes and construction of fishways) may selectively benefit certain behavioral types that have a higher propensity to use these new habitats than others (e.g., Kobler et al. 2011) . Unfortunately, at this time there is too little evidence to evaluate many of these management practices in relation to their use by (and effects on) different personality types. Thus, we focus on two areas where data are available: fishing and hatchery rearing. We summarize in Table 4 what is known about the management implications of behavioral trait variation and discuss these implications in more detail below. We note that many of the studies summarized in Table 4 have compared behavioral traits of different groups of fish (high versus low angling vulnerability; domestic versus wild stock), as opposed to comparing behavioral differences among individuals within a population.
Fishing
It is increasingly recognized that fishing pressure (recreational angling and commercial fishing) may alter the individual-level consequences of behavioral types, which in turn could affect natural selection and the evolution of population characteristics (Uusi-Heikkila et al. 2008; Philipp et al. 2014) . For example, in nonfished populations of species that build and guard nests or redds, aggressive individuals may defend their nests more vigilantly from potential predators, increasing egg and larval survivorship. However, the introduction of angling could turn high nest guarding aggressiveness into a detriment if aggressive nest guarding individuals are more likely to be caught than their less aggressive counterparts (e.g., as shown by Cooke et al. 2007 ). Removal of the nest-guarding parent (even short-term removal by catch-and-release angling), can greatly increase the probability of egg and larval mortality (Siepker et al. 2007 ). Personality traits also have the potential to affect angling vulnerability outside of the nesting season (though the traits may be different).
The hypothesis that recreational angling can affect the relationship between behavior and reproductive success is supported by the previously mentioned study on reproductive success and parental care in two largemouth bass lines selected for different vulnerabilities to angling during the non-nesting season. Bass from the line selected for high vulnerability to angling showed increased levels of aggression towards potential nest predators and greater diligence of parental care compared with bass from the low vulnerability line. Importantly, the high vulnerability line was also found to have the highest reproductive potential (Sutter et al. 2012) . Thus, angling can reduce reproductive success and lower total reproductive output not only in current generations but also impact selection for traits associated with nest guarding behavior, potentially leading to reduced reproductive success and lower total reproductive output in future generations as well. Furthermore, as angling almost certainly selects for traits that reduce angling vulnerability, high levels of recreational angling are likely to impact the ability of the population to provide recreational angling opportunities in the future. This result was recently documented in bass populations that have historically been exposed to different levels of angling intensity (Philipp et al. 2014) .
As discussed earlier, bolder individuals in some fish species have been found to forage more actively and grow faster than their shyer counterparts. Angling, however, could alter the ecological consequences of boldness, shifting the balance towards shyer foragers if bold fish are captured more frequently. A recent study by Nannini et al. (2011) compared the foraging behaviors of individual largemouth bass obtained from the two artificially selected high and low angling vulnerability lines previously described. Contrary to expectations, fish from the low vulnerability Bass that have a low vulnerability to angling foraged more frequently and also had more successful foraging attempts.
Nannini et al. 2011 Field
Between individuals Boldness, angling vulnerability Bolder bluegill were found to be less vulnerable to angling than more timid bluegill.
Wilson et al. 2011
Laboratory and field Domestic, wild strains Boldness, dominance Domestic fish initiated feeding sooner, but no difference in latency to approach novel object. Domestic fish bit at novel object more. All bold fish, regardless of origin, were socially dominant.
Sundström et al. 2004 Laboratory
Hatchery versus wild rearing; low versus high density hatcheries Survival, migration Hatchery-reared fish showed similar survival over three years, but only for fish reared in lower densities and circular tanks. Migration ranges smaller for hatchery fish.
Moore et al. 2012 Field
Between individuals Boldness Behavioral syndromes found between behavior with and without predators, behaviors plastic during 16 weeks in hatchery environment.
Lee and Berejikian 2008 Laboratory
Availability and stability of structure Exploration Individuals reared with stable structure increased exploration without predators, but no difference in structure treatments with predators.
Lee and Berejikian 2009 Laboratory
Conventional versus enriched rearing
Boldness Individuals subjected to simulated predator attacks, physical structure, and natural prey during rearing showed decreased levels of boldness relative to individuals that were conventionally reared.
Roberts et al. 2011 Laboratory
Low, medium, conventional rearing densities Survival, exploration, boldness Fish from lower densities consumed more prey, increased predator response, located food in a maze faster, and increased survival in field.
Brockmark et al. 2010 Laboratory and field
Mittelbach et al.
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Can. J. Fish. Aquat. Sci. Downloaded from www.nrcresearchpress.com by GOTEBORGS UNIV on 06/09/15 line actually captured more prey (and attempted to capture more prey) than fish from the high vulnerability line. The low vulnerability line also had higher prey rejection rates and was more efficient at converting consumed prey into growth than the high vulnerability line (Nannini et al. 2011) . While this study clearly demonstrates the potential for angling during the non-nesting season to have a selective effect on foraging behavior, it also cautions against jumping to conclusions about what behavioral types are likely to be associated with increased angling vulnerability. Only one study that we are aware of has explicitly tested the link between an individual's boldness and angling vulnerability during the non-nesting season. Wilson et al. (2011) found that more timid bluegill were more likely to be caught by angling than their bolder counterparts in a natural lake -again, a result opposite of expectations. These early studies highlight the need for more research on the link between fish behavioral traits and responses to angling during the nesting and non-nesting seasons at the individual and population levels. However, unlike the relatively recent focus on the evolutionary impacts of recreational angling, the impacts of commercial fishing on fish life histories, growth rates, and behaviors have been studied for a much longer time.
Several studies over the last two decades have documented that the selective harvest of large individuals by commercial fisheries leads to decreased growth rates in future generations, as well as a variety of other effects (e.g., Conover and Munch 2002; Hutchings 2004; Reznick and Ghalambor 2005; Walsh et al. 2006 ). More recently, it has been proposed that commercial harvest may also selectively target individuals based on their behavioral type and growth rate, irrespective of size. As Uusi-Heikkila et al. (2008; page 419) note, "fishing-induced selection directly acting on behavioral rather than on life-history traits per se can be expected in all fisheries that operate with passive gears such as trapping, angling, and gill-netting". Biro and Post (2008) found exactly this result in an experimental study of rainbow trout in Canadian lakes, where faster-growing individuals were found to be more vulnerable to harvest by gill nets irrespective of their size. The authors attributed the greater vulnerability of faster-growing individuals to differences in their behaviors, as faster-growing fish were more active and bolder than their slower-growing, nonharvested counterparts (Biro and Post 2008) . Even if commercial fishing does not select directly on behavioral traits, early findings from the paceof-life syndrome suggest that direct selection on one trait, be it a behavioral trait like boldness or a life-history trait like growth rate, likely leads to indirect selection on a whole suit of correlated traits. These effects can have important impacts on species performance as well as community dynamics, making it essential that fisheries managers consider these effects when making management decisions.
Hatchery rearing
Hatchery rearing and fish stocking represent the opposite-side of the coin from fish harvest (i.e., they add rather than remove fish from a population). But, like selective harvest, hatchery programs designed to supplement the abundance of wild populations can impact behavioral variation and may have important ecological consequences. It is well known that fish raised in hatchery environments often perform poorly when stocked into the wild (Araki et al. 2008) and there is a long-standing debate on whether or not hatchery stocking demographically boosts wild populations. For this reason, there is a wealth of literature examining how hatchery selection, including both purposeful selection on desirable traits (such as increased growth rate) and unintentional selection resulting from rearing experiences, may affect fitness (see reviews by Huntingford 2004; Huntingford and Adams 2005; Araki et al. 2008; Fraser 2008) . Changes in behavioral phenotypes due to domestication selection have been suggested to be a major factor contributing to the poor performance of hatchery-reared fish stocked into the wild (Fraser 2008 ).
Effects of artificial selection on behavior
Common garden studies demonstrate that offspring from hatchery-reared adults are often bolder and (or) more aggressive than those from wild stocks (e.g., Berejikian 1995; Einum and Fleming 1997) , and laboratory studies comparing the behaviors of domestic and wild strains have found that domestic strains tend to be bolder and more aggressive than their wild counterparts (Budaev and Brown 2011; Conrad et al. 2011) . For example, fry from sea-ranched brown trout parents initiated feeding sooner and bit at a novel object more often than fry from wild brown trout parents (Sundström et al. 2004) . Domesticated strains of fishes often undergo selection aimed at increasing production traits such as rapid growth (Huntingford 2004) . However, selection for increased growth rate can have unintentional consequences on behavioral trait variation, either by altering variation in the behavioral traits themselves (e.g., selecting for individuals that are more bold, aggressive, and active in their feeding behaviors) or selecting on metabolic traits that may cause individuals to act more boldly to fulfill their metabolic needs (see prior discussion on this topic).
Behavioral traits that confer an advantage to individuals in a hatchery environment may carry a cost in nature. The most obvious examples involve feeding behaviors in the absence or presence of predators. The work by Biro and colleagues discussed earlier nicely documents how domesticated trout strains grow faster but suffer higher mortality than wild fish when stocked into natural lakes with predators (Biro et al. 2006 (Biro et al. , 2007 . Looking at foraging behavior in a different context, Adriaenssens and Johnsson (2011b) assayed hatchery-reared and wild-origin brown trout for cognitive tasks such as cryptic prey discovery and maze solving. They found that hatchery-reared trout had higher feeding rates than wild fish, but they did so with less accuracy. In the wild, lowered accuracy in foraging may incur energetically costly errors such as prey misidentification, whereas higher foraging rates may be advantageous in hatchery settings with consistent food dispersal (Adriaenssens and Johnsson 2011b) .
The behavioral syndromes approach has been applied to determine whether selection on behaviors in the hatchery environment (e.g., propensity to feed in a predator-free environment) may influence the distribution of behaviors expressed in other environments (e.g., aggressiveness and boldness under predation risk). For example, Lee and Berejikian (2008) found that juvenile rockfish (Sebastes auriculatis) that fed at high rates in the absence of a predator also tended to feed at higher rates when a model predator was present. However, they found the behaviors of individuals were inconsistent across two assay periods (8-12 days apart), suggesting plastic responses and behavioral flexibility. In contrast, a study using rainbow trout found that individuals were consistent in their behaviors over 2-3 days and across safe and unsafe contexts (Conrad and Sih 2009 ). Behavioral flexibility may be important when determining whether selection on fast growth rates has unintentional consequences on associated behaviors. Selection may be limited if individuals are capable of changing behavior in response to their environment. Alternatively, if behaviors are tightly correlated and not plastic, selection for high growth rates is likely to also select for bold and aggressive individuals. Determining the degree to which individuals (or species) differ in their behavioral plasticity (e.g., Fig. 2 ) and understanding how early development and rearing environment may affect levels of behavioral plasticity are important areas for future research Dingemanse and Wolf 2013) .
The effects of hatchery rearing environments on behavior
The process of raising juvenile fish in hatchery environments has been shown to affect the cognitive pathways that influence behavior (Huntingford and Adams 2005) . Enrichment strategies, such as providing physical structure, decreasing fish densities, feeding with live prey, and introducing simulated predator at-tacks, have been suggested to better prepare hatchery fish for stocking (Brown et al. 2003; Lee and Berejikian 2009; see review in Huntingford 2004) . All of these modifications to current hatchery conditions have been shown to benefit hatchery-reared fish in ways that could increase post-stocking survival. For example, brown trout assigned to "low" and "moderate" rearing density treatments showed superior skills when tested for their ability to locate food, identify novel prey as resources, and respond to predators . Additionally, when stocked into an experimental stream, fish that were reared in high densities showed decreased survival relative to individuals reared at low or medium density . Individuals that were reared with physical structure, fed natural prey, and subjected to simulated attacks showed decreased boldness relative to individuals raised under conventional hatchery conditions (Roberts et al. 2011) . When comparing both the presence and stability of physical structure during rearing, Lee and Berejikian (2009) found that stable structures (the "unstable" treatment moved structure throughout the experiment) were important for individuals to assess current risk and display behaviors accordingly. Individuals reared with stable structure were more explorative without predators but showed reduced exploration under predation threat. Thus, there is accumulating evidence suggesting that the hatchery experience itself affects behaviors that can have important implications for fish stocked into the wild (e.g., impacts on habitat use, growth, and survival). Encouragingly, these studies demonstrate that carefully considering rearing experiences of hatchery fish and attempting to replicate natural environments could be a promising direction for hatcheries.
Although a number of studies have investigated individual behaviors of hatchery-reared fish in laboratory settings and others have compared how hatchery strains compare to wild strains, comparatively few studies have evaluated how the behaviors of hatchery-reared fish influence their fitness in natural environments. In one recent study, Moore et al. (2012) examined the field survival and migration rates of hatchery-reared steelhead trout compared to fish of wild origin across three years. As an additional component, the hatchery-reared fish were from two hatcheries that differed in rearing environment (stocking density and shape of tanks). Fish that were reared under lower densities and in circular tanks (thought to decrease effects of density), survived as well as wild steelhead. However, fish raised at higher densities and in rectangular raceways showed decreased survival relative to wild fish. Moore et al. (2012) also found that migration ranges for steelhead from both hatcheries were less than those of wild steelhead. This study suggests that changes in conventional hatchery rearing may facilitate behavioral flexibility and the development of cognitive skills fish need upon entering natural systems. However, to justify these changes, more field studies examining fitness of individuals subjected to various enrichment regimes are needed to understand how these changes affect survival in natural conditions.
Discussion
Fish have proven to be excellent model organisms for the study of animal personalities, providing some of the earliest demonstrations of behavioral trait variation in any species (e.g., Huntingford 1976 Huntingford , 1982 Ehlinger and Wilson 1988) and continuing today as one of the most studied taxonomic groups (Stamps 2007; Toms et al. 2010; Budaev and Brown 2011; Conrad et al. 2011) . Still, as Wolf and Weissing (2012) and others have noted, relatively little attention has been paid to the ecological consequences of varying behavioral types. This comment applies to all species, not just fish, and is especially true of studies conducted in natural or seminatural environments. Our review has sought to summarize what ecologists, behaviorists, and managers know about the ecological consequences of behavioral types at the individual, population, and community or ecosystem levels, including implications for fisheries management and conservation. Important research foci in this area include the impacts of behavioral trait variation on individual growth and survival, nesting behaviors and reproductive success, habitat use, diet, and ontogenetic niche shifts, migration and dispersal, commercial and recreational fishing, and hatchery rearing for supplemental stocking. We discuss these different research foci below and suggest avenues for future research.
Examining behavioral type effects on growth and survival
The concept of a growth-mortality tradeoff is firmly entrenched in the ecological literature (e.g., Werner and Anholt 1993; Lima 1998) , and a growth-mortality tradeoff provides much of the theoretical underpinning for the maintenance of behavioral variation in boldness in fish and other organisms (e.g., Stamps 2007) . Thus, it is surprising that evidence from natural or seminatural environments documenting the effects of variation in boldness and (or) aggression on fish growth or survival is limited and is almost entirely based on comparisons of wild and domesticated stocks (e.g., Biro et al. 2003a Biro et al. , 2003b . This is not to question the reality of a growth-mortality tradeoff, or to doubt its relationship to fish behavioral traits, but only to note that much more work is needed to examine how individual variation in boldness affects growth and survival. Archard and Braithwaite (2010) discuss some of the challenges involved in studying the consequences of behavioral traits in wild animals. They note that a particularly hard nut to crack is the effect of behavioral type on the survival of free-living individuals, as the recovery of marked individuals is often very low (see Höjesjö et al. 2011 for an example with fish). The low recovery of marked individuals leaves us wondering, are missing individuals dead? Or, have they simply dispersed from the study area? Studies conducted in closed, seminatural environments (experimental ponds, outdoor raceways, or fenced reaches of streams), where all surviving individuals can be recovered post-stocking, can provide useful experimental systems for testing the growth-mortality tradeoff and its relationship to boldness variation in fishes.
Diet, habitat use, and ontogenetic niche shifts
Fish, like many other organisms, show pronounced changes in diet and habitat as they grow. For example, most piscivorous fish begin life feeding on zooplankton and benthic invertebrates before reaching a size where they can switch to feeding on other fish (Mittelbach and Persson 1998) . Many other fishes occupy protective habitats (e.g., littoral zone vegetation) when small and vulnerable to predators, and then they shift to feeding in more open and riskier habitats when they reach sizes that are less vulnerable to predation (Werner et al. 1983; Werner and Hall 1988) . These ontogenetic niche shifts have important consequences for population dynamics and species interactions (de Roos and Persson 2013). However, a completely unexplored question is -what role does personality play in determining the timing and extent of ontogenetic niche shifts, in fish or other organisms?
Studies documenting ontogenetic niche shifts in diet and habitat invariably show considerable variation amongst individuals (e.g., Mittelbach 1981; Werner and Hall 1988; Hjelm et al. 2000) . How much of this individual variation in the timing and extent of ontogenetic niche shifts is due to differences in personality? Consider for example the study by Post (2003) , who examined the factors contributing to the onset of piscivory in a cohort of youngof-year (YOY) largemouth bass. In bass and other piscivores, becoming piscivorous in the first summer of life greatly increases fitness by increasing the probably of surviving through the winter (Buijse and Houthuijzen 1992; Post et al. 1998) . Post (2003) found that only the largest individuals in the YOY bass cohort from Paul Lake, Michigan, were able to successfully transition to feeding on YOY bluegill during their first summer. Further, all bass that grew large enough to become piscivorous in their first year were born early in the spring (Fig. 5) . Birth date, however, was by itself a poor predictor of either bass size in August or the propensity to shift to piscivory (i.e., many early-born bass did not get large enough to become piscivorous; Fig. 5 ). Why did some early-born bass grow quickly and become piscivorous in their first summer, whereas others did not? Chance could of course played a role (e.g., some individuals may have been lucky enough to find and consume a large number of energetically rewarding prey early in life and get a jump on their less-fortunate fellows). However, it is tempting to speculate that differences in personality may contribute as well. In this case, the hypothesis would be that those early-born bass growing large enough to become piscivorous are individuals that are relatively bold and take greater risks to increase their feeding rate, either by being more active or by using riskier habitats. No studies to date have examined the impact of behavioral types on the timing of ontogenetic niche shifts. This seems a particularly ripe area for future research.
Consistency in behavioral traits across life stages and fitness tradeoffs
Numerous studies have documented consistency in behavioral traits or behavioral syndromes in fish and other organisms over relatively short time periods of days and weeks (Bell et al. 2009; Conrad et al. 2011 ). However, much less is known about consistency in behaviors across longer time periods or across life stages. Wilson and Godin (2009) found that shy-bold behavioral types showed differential consistency in bluegill sunfish over a 1-3 month period (measured in the field). However, Bell and Stamps (2004) and Edenbrow and Croft (2011) observed little differential consistency in individual behavioral types between life stages (e.g., juveniles to adults) in threespine sticklebacks and mangrove killifish (Kryptolebias marmoratus), respectively (measured in the laboratory). In a study of how behavioral consistency changed across ontogeny in an Africa cichlid (Steatocranus casuarius), Budaev et al. (1999) found that behaviors (response to a novel environment, a novel fish, and a mirror) were not consistent in juveniles (4 and 4.5 months of age), but they were consistent in adults (12-13.5 months). Bell and Stamps (2004) measured three types of behavior (activity, aggression toward a conspecific, and boldness under predation risk) at three developmental stages (juvenile, subadult, and adult) and found that individual behavioral types were not stable over ontogeny. In one stickleback population, the boldness-aggression behavioral syndrome was stable over ontogeny (showed structural consistency), but in another population it was not. Edenbrow and Croft (2011) also found that behavioral types of boldness and exploration were highly plastic during ontogeny, but that correlations between these two behaviors (i.e., bold types were more exploratory) were maintained from juvenile to adulthood (structural consistency; see also Schürch and Heg 2010; Chervet et al. 2011) .
Studies with aquatic organisms other than fish have observed differential consistency in activity traits across life stages (e.g., tadpole to adult frog (Rana ridibunda; Wilson and Krause 2012a) and nymph to adult damselfly (Lestes congener; Brodin 2009)). In general, however, we know very little about the differential consistency of behavioral traits across life stages (e.g., juvenile to adult) or in individuals undergoing ontogenetic niche shifts (e.g., freshwater to marine, benthic to pelagic, and insectivorous to piscivorous). Clearly, such long-term differential consistency in behavioral traits has important implications for fitness and for the maintenance of variation in behavioral traits in populations (Adriaenssens and Johnsson 2013) .
If behavioral traits have differential consistency only over short intervals, then the potential for fitness tradeoffs to contribute to the maintenance of variation in behavioral traits is rather limited. However, if behavioral traits are consistent across life stages or across ontogenetic niche shifts, then there are many more opportunities for tradeoffs to occur. For example, it is commonly assumed that boldness may have a positive effect on individual fitness through increased energy gain and (or) reproductive success, but it may have a negative effect due to reduced survival (Stamps 2007; Smith and Blumstein 2008) . If fish that are relatively bold as juveniles are also relatively bold as adults, then boldness could positively affect fitness at the juvenile stage through higher feeding rates or energy gains and at the adult stage through greater reproductive output (per breeding event), but boldness could negatively affect fitness at the juvenile stage due to decreased survival, and (or) negatively affect reproductive success at the adult stage due to decreased survival during a reproductive event and (or) reduced probability of surviving to reproduce again. Thus, there are multiple ways in which boldness effects on growth, fecundity, and survival could trade off to affect lifetime fitness.
To date, studies that have investigated the relationship between behavioral traits and fitness have generally focused on a single measure of fitness (such as survival) at a specific life stage (Dingemanse and Réale 2005; Smith and Blumstein 2008) . However, fitness tradeoffs across life stages or between different components of selection (sexual and viability) provide a potentially powerful mechanism for the maintenance of adaptive variation in behavioral traits. Moreover, if behavioral traits are heritable, the fitness consequences of animal personalities can extend across generations.
Heritability of behavioral traits and consequences arising from the release of domesticated fish
Although there are relatively few estimates of the heritability of behavioral traits in fishes, the evidence suggests that many behavioral traits are heritable, with levels of heritability that are generally lower than those for morphological traits, but roughly comparable to those measured for life-history traits (Bakker 1986; Stirling et al. 2002; Bell 2005; Brown et al. 2007; Dingemanse et al. 2009; Chervet et al. 2011) . Additionally, researchers have been able to artificially select stocks of largemouth bass to express high and low vulnerability to recreational angling (Sutter et al. 2012) , demonstrating again a strong genetic component to certain aspects of fish behavior. The heritability of behavioral traits has many important ecological implications, particularly with regard to the mixing of wild and domestic fish stocks.
Fisheries biologists have long been concerned with potential consequences of interbreeding between wild, hatchery-reared, or . Length frequency distribution of young-of-year largemouth bass collected from Paul Lake, Michigan, in late August 1994. Fish were categorized by age (age determined using daily rings from otoliths). Age categories represent roughly the youngest 25%, the central 50%, and the oldest 25% of fish collected. Only fish >85 mm in length become piscivorous during their first summer of life. Taken from Post (2003) . escaped farmed fish, particularly salmon, (e.g., Gross 1998). This concern has been largely focused on the detrimental effects of introducing nonadaptive life-history traits into wild stocks (causing, for example, a mismatch in the timing or orientation of migration and reproduction). However, interbreeding between wild and domestic stocks (e.g., farmed or hatchery-reared fish) could influence behavioral traits as well, with unknown consequences for wild fish. A number of studies comparing domestic and wild strains of salmon and trout show that hatchery-reared fish, or fish that have been genetically modified for faster growth, may be bolder, more aggressive, and (or) more risk-prone in their habitat use, resulting in higher growth rates but reduced survival in nature (e.g., Abrahams and Sutterlin 1999; Sundström et al. 2003 Sundström et al. , 2004 Biro et al. 2003a Biro et al. , 2003b Biro et al. , 2004 Biro et al. , 2007 Sundt-Hansen et al. 2009 ). To the extent that behavioral traits are heritable and adaptive, the interbreeding of domestic and wild fish stocks has the clear potential to reduce the fitness of locally adapted stocks.
Commercial and recreational fishing may also select on heritable behavioral traits that have unanticipated evolutionary consequences. One possibility discussed earlier is the association between boldness and aggression in nest guarding behavior and angling vulnerability in largemouth bass. Male bass that are bolder and more aggressive are more diligent in guarding their young and have higher reproductive success ). However, bolder, more aggressive bass may also be more vulnerable to recreational angling (Suski and Philipp 2004) . Thus, if boldness and aggression are heritable traits (see Bell 2005) , then increased fishing pressure may lead to the evolution of reduced boldness and aggression in the population, a reduction in angling vulnerability, and the unwelcome consequence of a reduction in average reproductive success (Sutter et al. 2012) . Here again, an understanding of the correlations among behaviors, combined with a knowledge of their heritabilities and their ecological consequences at different life stages, is an important avenue for future research for the effective management of fish stocks.
Summary
Interindividual variation in behavioral traits is now recognized to be an important feature of most animal populations, including fish. In this review, we have sought to highlight some of the mechanisms driving the evolution and maintenance of variation in behavioral traits within fish populations, as well as the ecological consequences of this variation. Field evidence for the ecological consequences of behavioral trait variation is still quite limited in any group of organisms. However, there is little doubt that behavioral trait variation plays an important role in the growth, survival, and reproductive success of individuals, as well as having potential impacts on species interactions and ecosystem functioning. It is also clear, however, that we must be careful not to jump to conclusions about the universality of the causes and consequences of behavioral trait variation (e.g., the growth-mortality tradeoff) without more evidence from nature. In fishes, behavioral trait variation has added implications for conservation, harvest, and resource management. Biologists and managers recognize the importance of environmental context to the evolution of behavioral traits and the role that behavioral variation among individuals and between populations (wild versus domestic stocks) may play in successful stocking and conservation. Again, more data from field studies, especially with tagged or marked individuals of known behavioral types, is crucial.
